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 Lime putty, gypsum, rabbit skin glue, sand, limestone ﬁnes and marble dust were used.
 100% Substitution of sand by limestone ﬁnes of an ‘‘Escaiola’’ is studied for the ﬁrst time.
 Marble cut waste in mortar increases the strength and durability.a r t i c l e i n f o
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This study is inspired by a revival of traditional stuccoes, plasterwork and recent research on plastering. It
includes descriptions of old and new material production techniques with an expected long service life to
minimize waste production. A detailed review of the stuccoes and plasters from historical construction
treatises was carried out. Their constituents, as well as their functions were studied, and an equivalent
eco-mortar was formulated. XRD, EDS, MIP, BET and XRF analysis of the mortars components provided
their mineralogical, microstructure and chemical characterization. Petrographic analysis supplied data
on the mortars voids. The effect of waste marble and limestone dust on physic-mechanical properties
of the eco-mortar was studied in order to ﬁnd better solutions for restoration interventions. The elastic
modulus and compressive and ﬂexural strength of each plaster layer was correlated with the cracking
prevention capacity of the mortar. The coefﬁcient of water absorption was estimated in order to study
the water exchange behavior between the last two layers of stuccoes and plasters. Furthermore, their
behavior with respect to humidity was studied.
 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY license.1. Introduction Lime and gypsum have been used as binders in historical mor-The aim of this study is to clarify the interpretation methods
used for ancient plaster formulations, based on a historical over-
view of construction treatises written throughout the centuries
by different authors, up to when it became scientiﬁc. The knowl-
edge of traditional and contemporary industrial production is
important in both restoration and repair interventions because it
enables us to determine the intentions of old designers and master
builders, to ﬁt and approach the contemporary mortars to those
used in historical masonries and lathing, and to evaluate historic
mortars and their formulations in laboratory for assessing their
performance and mix optimization.tars since ancient times. Many ingredients have been added in dif-
ferent periods and regions for fattening the stucco, retarding the
setting, and regulating shrinkage and cracking, such as rye ﬂour,
rice gluten, burnt gypsum, pork lard, curdled milk, ﬁg juice, albu-
men, malt and other saccharine or glutinous matters.
Certain industrial wastes and unprocessed micro-ﬁllers, such as
marble dust, have been found to provide comparable compressive
strength to the control mortars or even to improve it [1]. The use of
burnt stone slurry in mortars improves mechanical properties and
decreases porosity of concrete mixtures [2]. Pigments present a
strong resistance to atmospheric corrosion [3] and improve the
compressive strength of blended mortars [4].
Ancient builders generally used a multi-layer system of renders
with the external layer characterized by the presence of a signiﬁ-
cant number of small pores and the internal layer by few, but
larger pores. This increased the resistance of the external layer to
rain water penetration and prevented the accumulation of mois-
ture inside the masonry or other types of support. In these renders
and plasters, the layers not only allowed for water absorption, but
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water drainage devices included pozzolanic material with good
water resistance [5].
Gypsum mortars composed of gypsum, slaked lime and gravel
were frequently used in Medieval Spanish architecture. In addition
to making the mortar harder and more resistant to damp, the car-
bonation of lime also retards the mortar setting to allowmore time
to decorate the reliefs. Gravel makes the mortar more porous,
while glue and salt retard its setting. Plasterwork was usually com-
posed of three layers: ﬁrst, a thick layer of mortar where the dec-
orative motives were outlined; next, the second mortar layer was
carved; ﬁnally, the last layer was a whitewash base to cover the
plastered surface [6]. Towards the end of the Middle Ages and
the beginning of the Renaissance, the technique of the ‘‘fresco’’
was described by Cennini, who recommends that the mortar must
be composed of 2 volumes of sand and 1 volume of lime [7]. In case
a ‘‘rendering coat’’ was needed on the masonry, this was consti-
tuted of a mortar with coarser sand to facilitate the adherence of
the ‘‘setting coat’’ on which the work was painted [8].
During the period of Raphael and the great revival of stucco-
work, a practical recipe for stucco was tried by Master Jacopo de
Monte St. Saviano the Sculptor, written around 1503. The stucco
for making and modeling ﬁgures, coloring them and providing
water resistance is formulated with 2.5 volumes of ﬁne pounded
marble and 1 volume of slaked lime which must be stirred and
beaten together into a ﬁne paste, then either formed by hand or
in a mould and cured in the shade [9].
A mixture described by Vasari included 2:1 (in volume) of lime
and marble dust, to which a little gypsum was added to set the
plaster. Pirro Ligorio, an architect and coadjutor of Michelangelo
for St. Peter’s at Rome, wrote a recipe using 3 volumes of pounded
Parian marble from the ruins in Rome and from broken statues, and
1 volume of perfectly slaked lime [9]. Palladio recommends a mor-
tar with a proportion of 1:3, i.e., 1volume of lime to 3 volumes of
mine sand. If the sand is from a river or the sea, the proportion
must be 1:2 [10]. The pozzolana from volcanoes north of Rome,
which have thin glassy fragments as an active component, are
found in the frescomortar of ‘‘The Last Judgment’’ by Michelangelo
in the Sistine Chapel [11].
The slaking operation is a rapid exothermic reaction of calcium
oxide with water which releases heat and produces calcium
hydroxide. Calcium hydroxide then reacts with carbon dioxide,
forming calcium carbonate [12]. The rate of carbonation is high
in an atmosphere with low concentrations of CO2, low tempera-
tures and a high relative humidity [13]. In both Nuremberg and
Zurich, burnt lime was stored dry and sold as quicklime, which
was then slaked before its use in the construction process during
the 16th and 17th centuries. Pieces of quicklime were reduced to
slaked lime powder, when sufﬁcient water was added to change
the CaO into Ca(OH)2. When excess water is added, the quicklime
becomes lime putty [14].
Plasters as described in 17th and 18th century treatises are
characterized by their technological complexity, due to the compo-
sition of several layers with different microstructures and their role
in regulating the movement of humidity towards the exterior lay-
ers [15]. Italian baroque stuccoes were made with 3 layers: ﬁrst the
bulk, with its hydraulic properties; the 2nd layer, which was more
plastic for decorations made of calcic and dolomitic lime and a
sand mortar with good mechanical strength, or a gypsum mortar
without aggregates; lastly, the ﬁnishing mortar with a few layers
of gypsum [16].
Rondelet, referring to 18th century stucco, indicates that the
mixture for ornaments must have one part of lime to one part of
marble dust. After a mortar of lime putty with marble dust was
prepared, the ‘‘ﬂoating coat’’ was wetted and the stucco was ap-
plied with a brush, spread with a spatula, and ﬁnally polished witha steel mason’s chisel and a damp linen cloth. For the ﬁnal layers of
plain surfaces, two parts of lime and one part of marble dust was
necessary for stucco. For exterior facades, or in wet environment,
pozzolana or tile dust was added to the ‘‘ﬂoating coat’’ [17].
In the 19th century, the 7–10 mm thick ‘‘bulk’’ layer usually
had one of the following mixtures: lime/gypsum binder and sand;
a coarse and rugous mortar of lime/gypsum and pozzolana; or, as
Leitão [18] indicated, a lime/coarse sand mortar (1.5:1). The next
1-to-2-mm-thick layer was a mixture rich in gypsum or lime,
using a low percentage of ﬁne aggregates for moulding and dec-
orative elements, and the exterior surface was made entirely of
hydraulic lime mortar. The ﬁnal 1-to-3-mm-thick ﬁnishing layer
was made of gypsum paste, lime/gypsum paste, or lime/gypsum
paste and marble dust [19]. Luís Leitão states that late 19th cen-
tury plasterers employed two mortars, the ‘‘ﬂoating coat’’ and the
‘‘setting coat’’; the ﬁrst one was laid directly on the ‘‘bulk’’, com-
posed of one part of lime putty, one part of gypsum dust and four
parts of limestone sand; the second layer was spread on the
‘‘ﬂoating coat’’ and consisted of equal parts of lime putty and gyp-
sum [18].
Pigments were added to the setting coat in order to imitate the
marble, or Italian ‘‘Scagliola’’, and to achieve the ‘‘base’’ color. The
method to produce marble veins consisted of thin cakes of a mix-
ture of gypsum, pigments and glue water, which were cut into
strips and then expanded with skimming ﬂoat over the colored set-
ting coat [17]. According to Luís Leitão, the ‘‘Escaiola’’ is a mortar
made of lime putty, white stone dust and ﬁne washed sand, in
equal parts, to which pigments may be added. For the exterior fa-
cades, the stone dust was substituted by cement [18].
Plaster with ﬁbers was patented in 1856 by a French modeler,
Leonard Desachy. It was mainly used for casting purposes and cor-
responds to manufacturing slabs, casings and other forms by com-
bining calcium sulfate, burnt or boiled gypsum, or plaster of Paris
with jute woven into an open mesh and strengthened or strutted
with wood [20].
The objectives of this study are: (1) to evaluate lime-or-gyp-
sum-based mortars potentialities which incorporate waste marble
powder and limestone ﬁnes; and (2) to study the advantages of the
mixed-gypsum mortars in the decorative plasterwork. The evalua-
tion of lime-putty-based mortars with a high volume of ﬁnes is of
special interest due to their similarities to historical ones. Further-
more, such mixes are durable system renders and mortars pre-
scribed in historical construction treatises also present better
mechanical, physical and chemical compatibility with the old
masonries and lathing they cover. This is essential aspect when
undertaking repair interventions.
In this study it was considered important to reproduce some
stuccoes and plasters formulated in ancient treatises as a study
tool, in spite of lacking the exact correspondence. These mortars
must have lower mechanical properties than the support where
they are applied. Interior plasters and stuccoes must be permeable
to moisture, thus improving water migration towards the exterior.
The performance must be similar to that of ancient mortars. Their
principle working properties are important as they are needed in
order to evaluate their performance. When ancient texts are trans-
lated, some technological questions remain to be resolved in re-
gard to the technical terminology or technological and scientiﬁc
content. To verify if translations of ancient texts are correct, an
experimental reconstruction is needed in order to determine
whether the indications given by the authors were true to old con-
struction traditions. Therefore, mortars as similar as possible to
historical mortars that have shown desirable longevity and aes-
thetic aspects were produced for this purpose. This is a necessary
step for mortar formulation in renovation and repair interventions.
It also serves for the formulation of new mortars with similar
characteristics.
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sive and ﬂexural strength of each plaster layer on crack prevention,
including the layer under the decorative lathwork plaster of the
ceiling is evaluated. Furthermore, the coefﬁcient of water absorp-
tion estimated from a capillary suction test provides the necessary
information for water exchange capacity between the second and
third layers. This way, the humidity exchange behavior of stuccoes
and plasters can be evaluated.
2. Materials and methods
2.1. Mortar components and composition
In order to evaluate the interior stuccoes and plasters, the following 7 mortars
were produced based on the materials and technologies referred to in the recorded
treatises. Table 1 indicates the type of mortars according to their binders and appli-
cations; Table 2 indicates the bulk density, chemical composition, speciﬁc surface
area and porosity of the components used; Table 3 shows the particles size distri-
bution of the aggregates; Table 4 indicates the mortars studied.
In addition, a general description of the 7 mortars studied in this study is pro-
vided here.
(1) ‘‘Cennini’s Intonaco’’ (lime and sand), similar to the ‘‘intonaco’’ indicated by
Cennini (15th century); this mix was used as the control mortar to be com-
pared with ‘‘Leitão’s Escaiola’’ and ‘‘Stucco II’’ to evaluate the potential utili-
zation of waste marble sawdust and limestone dust, and how these
industrial by-products inﬂuence the eco-mortars performance in their phy-
sic-mechanical properties;
(2) ‘‘Rondelet’s Stucco III’’ (lime and marble dust), similar to the mortar indi-
cated by Rondelet (18th century), with a larger proportion of lime to
improve strength and fresh-state workability for ornamental mouldings;
(3) ‘‘Leitão’s Escaiola’’ (lime, marble powder and sand), similar to the ‘‘Escaiola’’
indicated by Luís Leitão (1896), but with less calcite than the latter due to
its application in plain plasters with no particular workability requirement.
Due to ecological considerations, dark yellow cadmium was added to pro-
duce a decorative stucco with a base color. The color is similar to the ‘‘alma-
gre’’ found in Leitão’s color catalogue, which is a clay produced in Stª. Maria,
in the Azores [21]. Yellow cadmium was discovered in 1818 by Stromayer
and the red cadmium appears in 1926 [22] and is sold nowadays on the
market as ‘‘almagre’’;
(4) ‘‘Stucco II/Proposal’’ is an eco-mortar proposed in this research work, using
lime putty, marble powder, limestone dust and cadmium. This mix is for-
mulated to be compared with Leitão’s Escaiola, replacing the river sand by
a limestone ﬁller;
(5) ‘‘Leitão’s Stucco I/Floating Coat’’ (lime, gypsum, limestone ﬁnes), for the 2nd
layer application which covers the rendering or bulk layer;
(6) ‘‘Leitão’s Setting Coat’’ (lime and gypsum); for the ﬁnishing coat, in contact
with the exterior atmosphere.
(7) ‘‘Leitão’s Scagliola’’ (gypsum, glue water and blue ultramarine pigment); for
the ﬁnishing coat, in contact with the atmosphere.
Materials used in this study were from Portuguese sources, as indicated below:
(1) Lime putty is a commercial natural air lime paste of Palhais, Charneca da
Caparica, class CL90 according to EN 459-1 (D. Fradique) with 1.5 cm car-
bonation in 240 days; this lime putty is composed of calcium hydroxide,Table 1
Composition of the studied mortars according to their type/binder and structural function
Mortar W/B Type of mortar Type of binder Aggrega
Cennini’s Intonaco W/B = 0.82 Non-hydraulic
lime mortar
Non-hydraulic lime
putty
Sand
Rondelet’s Stucco III W/B = 1.03 Non-hydraulic
lime mortar
Non-hydraulic lime
putty
Marble
Leitão’s Escaiola W/B = 1.28 Non-hydraulic
lime mortar
Non-hydraulic lime
putty
Marble
cadmium
Stucco II (Proposal) W/B = 1,28 Non-hydraulic
lime mortar
Non-hydraulic lime
putty
Marble
limeston
cadmium
Stucco I (Float. Coat) W/B = 0.80 Gypsum-lime
mortar
Lime putty and
anhydrous gypsum
Limesto
Leitão’s Setting Coat W/B = 0.81 Gypsum-lime
mortar
Lime putty and
plaster of Paris
Leitão’s Scagliola W/B = 0.74 Gypsum mortar Plaster of Paris;
rabbit glue
Ultramacalcium carbonate, magnesium hydroxide and magnesium oxide and con-
tains 48% solids by mass; DRX analysis revealed portlandite and calcite;
the median pore diameter is 0.2177 lm;
(2) Two types of commercial natural gypsum of Leiria, Souto da Carpalhosa
(CaSO42H2O; Sival) were burned to prepare the setting gypsum; the
water/binder ratio used was 0.8; the coarse gypsum which DRX analysis
reveals bassanite, calcite and calcic sulfate has a light grey color due to
the presence of clay, and the ﬁne gypsum (bassanite and calcite) is a
white-colored dust; the median pore diameters of coarse and ﬁne gypsum
are 0.3823 lm and 0.2355 lm, respectively;
(3) Rabbit glue, a proteinaceous and adhesive substance, obtained by boiling
young rabbit bones, skin and cartilages in water in closed vessels, is
employed as a bonding additive to the water for making the ‘‘Scagliola’’;
the glue assists in the smoothing process of plaster surfaces;
(4) White marble powder from a sub-crystalline calcareous rock of Pero Pinhe-
iro; DRX analysis revealed quartz and calcite; the pore diameter of marble
dust is 0.2520 lm;
(5) Grey to brown limestone ﬁnes in which DRX analysis detected calcite, feld-
spar and quartz, from a marly limestone quarry at Sesimbra, with intrusion
of volcanic matter, (aggregate; particles size Gr 85 according EN 12620:
2000 + A1: 2008; José Marques Gomes Galo); part of it was transformed
in ﬁller; the darkest particles of the grey to brown ﬁnes are volcanic parti-
cles; the median pore diameter is 0.1976 lm;
(6) Fine white to grey siliceous river sand from Bucelas; the median pore diam-
eter is 0.9442 lm;
(7) Ultramarine blue of Kremer, an inorganic pigment manufactured by burn-
ing sodium sulfate, quartz, and sulfur around 800 C, which produces a
sodium aluminium silicate sulﬁde structure (Na8Al6Si6O24S2); the DRX anal-
ysis revealed the presence of kaolinite, ilite, quartz and ultramarine blue
pigment; the ultramarine blue median pore diameter is 0.2766 lm;
(8) Cadmium ‘‘sulphoselenide’’ is a mixture of cadmium sulﬁde (CdS) and sele-
nium (Se) and barium sulfate (Ba SO4) with a dark yellow color, the shade of
which is due to the amount of selenium; the DRX analysis revealed calcite,
hematite and the cadmium pigment; the median pore diameter is
0.3175 lm.
For simplicity and accuracy in preparing mixes, the volume proportions of com-
ponents indicated in the old treatises were converted to weight proportions. In to-
tal, three binding systems were used: non-hydraulic lime putty; non-hydraulic lime
putty-plaster; and plaster of Paris-rabbit glue water. The aggregates used were nat-
ural quartz sand, sand with 41.7% limestone ﬁnes; limestone dust and marble
powder.2.2. Mortar preparation
In the studied lime based mortars, the water/binder (H2O/Ca(OH)2) mass ratio
(W/B) was calculated from the dry mass Ca(OH)2 of the lime putty, which was mea-
sured to be 480 kg of quicklime for 1 m3 of lime putty. This resulted in a W/B ratio
equal to 1.08 for the calcic lime putty (fat lime), according to EN 459-1 [23]. Mortar
mixtures were prepared with the required amount of water to obtain a normal con-
sistency and a suitable workability using manual or mechanical procedures. The
workability was measured by a ﬂow table according to EN1015-3:1999 [24]. The
workability values for ‘‘Stucco II/Proposal’’ and ‘‘Scagliola’’ are presented in Table 5
[18,25,26]. Mortars specimens were prepared and compacted in
40  40  160 mm prismatic stainless steel moulds with a glass rod to remove air
bubbles. Specimens were cured at a temperature of 20 ± 2 C and 65 ± 5% relative
humidity for 90 days. All the specimens were sufﬁciently hard to be removed from.
te Application
2nd layer of frescoes (to be covered by Intonachino with
better mechanical performance)
powder Ornamental mouldings of interior decorative stuccoes; better
aesthetic effect
powder; sand; Final layer of interior decorative stuccoes; better aesthetic
effect
powder;
e ﬁller;
2nd Layer of interior decorative stuccoes; ﬁnal layer of
interior decorative stuccoes
ne ﬁnes 2nd Layer of interior decorative plasters
Final layer of interior decorative plasters
rine blue Final layer of interior decorative plasters; better aesthetic
effect
Table 2
Bulk density, chemical composition (mass%), BET and porosity of components.
Lime
putty
Brown.
plaster
Plaster of
Paris
Rabbit
glue
Sand
ﬁnes
Marble
powder
Limestone
ﬁnes
Ultramarine
blue
Yellow of
cadmium
Density (kg/cm3) 1255 670 698 623 1422 771 1518 (sand)
1167 (ﬁller)
2250 4820
CaCO3 a 99.2 99.0 85.7
CaSO4 96.9 93.3
SO3 5.6 0.7 23.1
CaO 4.4 27.2 0.2
MgO 0.2 1.1 0.5 0.5 0.4 1.4 0.2
SiO2 0.3 1.3 1.0 0.2 94.7 0.3 5.6 32.5
Al2O3 0.1 0.5 0.4 0.1 4.2 0.1 2.4 22.8
Fe2O3 0.7 3.0 0.2
CO2
Na2O 4.6 19.5
K2O 0.2 1.2
TiO2 0.9 0.5
Cl2O 60.2
P2O5 0.3
Sr 0.1
Si 0.1
S 0.9
Fe 8.6
Cd 5.1
Ca 52.5
Ba 2.6
Se 1.3
Pb 0.2
Pd 0.2
SBET (m2/g)b 14.24 4.397 3.916 6.335 0.3825 1.206 2.721 4.068 1.353
Porosity (%) 61.15 59.81 38.09 15.95 40.82 51.50 45.84 61.42 49.05
a Gravimetric analysis.
b SBET (BET speciﬁc surface area).
Table 3
Particle size distribution of the aggregates.
Particle size
(mm)
White sand
ﬁnes
Marble
powder
Limestone
ﬁnes
Limestone
ﬁller
Passing (%) Passing (%) Passing (%) Passing (%)
6.3 – – 100 –
4.0 – – 95 –
2.0 – – 63 –
1.0 – – 17 –
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This was due to the fact that both the glue water and the ultramarine blue used in
this mix are setting retarders. The specimens were kept in a controlled environment
until the time of testing in appropriate conditions to facilitate the carbonation of
calcium hydroxide.
A minimum of six specimens were tested after a 90-days carbonation period for
each of the seven mortars studied. The dimensional and weight variations, the dy-
namic modulus of elasticity, ﬂexural and compressive strength, as well as, capillary
water absorption were evaluated according to EN 1015-11:1999 [27], EN 13279-
2:2004 [28] and EN 1015-18:2002 [29].0.500 – – 24 –
0.425 99.5 – – –
0.300 55.0 – – –
0.250 – – 15 –
0.212 60.0 – – 90.38
0.180 – – – 87.48
0.150 89.0 – – 81.86
<0.150 96.5 – – –
0.125 – – 11 79.88
0.090 – – – 71.7
0.063 – 100 8.3 61.5
<0.063 – – 41.7 –
0.040 – 86.2 – 55.14
0.032 – 89.2 – 47.72.3. Analytical techniques, tests performed and equipment used
Mineralogical, morphological, microstructure and chemical analysis of the dif-
ferent component materials were made. Samples were submitted for X-ray diffrac-
tion (XRD), by PAN’alytical, X’Pert Pro powder diffractometer with X’Celerator
detector, to study the mineral components. Samples were prepared in a standard
samples bearer using a spinner stage. 40 kV and 30 mA were used and the proce-
dure was done in Bragg-Bentano geometry, between 7 < 2_ < 80. Energy dispersive
spectroscopy (EDS) allowed for the chemical analysis of the elements present in the
samples and, in conjunction with the images obtained by scanning electron micros-
copy (SEM, by Philips-FEI/Quanta400with EDS), it was possible to carry out the char-
acterization of the crystalline structure of the materials. Mercury intrusion
porosimetry (MIP) provides total porosity (%) and pore diameter average (lm), by
Auto Pore IV of Micrometrics (0.5 PSI – 33.000 PSI). Speciﬁc surface area (m2/g)
was determined by Brunauer–Emmet–Teller (BET) method, with physical adsorpsion
isotherm data. The grain size distribution of aggregates was obtained by sieving,
according to EN 1015–1 and EN 13279-2. The ﬁller size was estimated using an Al-
pine vibrator.
The squeeze ﬂow testing was done according to EN 1015-2, EN 1015-3 and EN
13279-2. The metallic plate was 300 mm in diameter; the mould ring 60 mm high,
100 mm in diameter at the base and 70 mm at the top. The ﬂow-table was shaken
15 times, with one stroke per second. The apparent bulk density of the powder or
putty materials was determined by the quotient between the mass and the volume
after compaction, according to NP EN 1097-6, EN 1015-6 and EN 1015-2. Average
values of weight and dimension variation of the specimens were registered 90 days
after casting and were used to evaluate the water loss during this period [30].
It was observed that carbonation process leads to an increase in weight of non-
hydraulic lime binder of 35%. The carbonation of the lime putty represents the
transformation of calcium hydroxide into calcium carbonate in the presence ofwater and carbon dioxide. The carbonation process of 74 g of Ca(OH)2 leads to
100 g of CaCO3 and the evaporation of 18 g of water. This happens because lime
captures 44 g of CO2:
74 g CaðOHÞ2 þ 44 g CO2 ¼ 118 g CaCO3;118 g CaCO3  18 g H2O ¼ 100 g CaCO3
The dynamic modulus test was performed in order to evaluate the cracking suscepti-
bility of different stucco or plaster layer of a given thickness covering masonry or
lather support. The lower modulus of elasticity of a plaster indicates a lower proba-
bility of cracking [31–33].
Three samples of each mortar were submitted to ﬂexural and compressive
strength tests, using a 50 N/s and 100 N/s rate of loading respectively, and the aver-
age values are estimated and reported here.
Table 4
Mortar mixes studied.
Mortar/author Components Weight (g) W/B ratio B/aggreg. ratio
Cennini’s Intonacoa Lime putty 1046 1.08 1 Lime putty
White sand ﬁnes 2370 2 River sand
Rondelet’s Stucco III Lime putty 2092 1.33 2 Lime putty
Marble powder 643 1 Marble powder
Leitão’s Escaiola Lime putty 1046 1.58 1 Lime putty
Marble powder 642 1 Marble powder
White sand ﬁnes 1185 1 River sand
Dark yellow cadmium 20
Stucco II/Proposal Lime putty 1046 1.58 1 Lime putty
Marble powder 642 1 Marble powder
Limestone ﬁller 1265 1 Limestone ﬁller
Dark yellow cadmium 20
Leitão’s Stucco I (Floating Coat) Lime putty 448 0.93 1 Lime putty
Browning plaster 239 1 Browning plaster
Limestone ﬁnes 2169 4 Limestone ﬁnes <0.032 mm
Leitão’s Setting Coat Lime putty 1568 0.93 1 Lime putty
Plaster of Paris 873 1 Plaster of Paris
Water 698
Leitão’s Scagliola Plaster of Paris 873 0.74 1 Plaster of Paris
Rabbit glue 69 0.88 Glue water
Ultramarine blue 20 0.02 Pigments
Note: W/B ratio (or W/Ca(OH)2 ratio has been calculated from mass of dry Ca(OH)2 of lime putty which contains 48% solids by mass.
a This mix showed low workability.
Table 5
Workability of Stucco II and Scagliola, measured by ﬂow table (EN 1015-3:1999).
Mixture W/B Workability Observations
Stucco II/
Proposal
1.08 185 mm The W/B ratio and workability were measured by ﬂow table to achieve reference value of 175 ± 10 mm. The proposed mortar was
inspired by the Escaiola mortar, with 100% substitution of sand by limestone ﬁller
TheW/B ratio is higher due to smaller particle size of marble powder [26,27] and limestone ﬁller, which showed similar effects on
reducing viscosity in Stucco II
Scagliola 0.74 165 ± 5 mm The indicated workability is questionable as it was not possible to obtain a reliable measurement due to high viscosity and
complete adherence of the paste to the mould ring. While the Scagliola mix was prepared manually and took about 4 h, the other
mixes were prepared with 1 min of manual mixing and 4 min mechanical mixing. The W/B mass ratio for Scagliola followed the
Leitão’s recipe [16]. The consistency of this mortar is plastic and can be easily spread and moulded for fast and ﬂawless application
862 E. Salavessa et al. / Construction and Building Materials 48 (2013) 858–867The capillary water absorption is measured by the mass of water absorbed for a
given time, by a dry specimen, when the surface is in contact with water. The coef-
ﬁcient of water absorption C, was calculated by the following equation:
C ¼ M2 M1
S
 1ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
t2  t1
p kg
m2 min0:5
 
ð1Þ
whereM1 andM2 are the masses (kg) at times t1 and t2 (min) and S (m2) is the area of
the specimen in contact with water.
The thin sections of the stuccoes and plasters were prepared and examined with
a petrographic microscope with eye pieces of 4 magniﬁcations using both natural
and polarized light. Petrographic analysis provides information on textural features,
mineralogical data, shape and dimension of aggregate grains, fractures and pores of
formulated mortars.3. Discussion of the results
Results obtained from the physical and mechanical tests are
shown in Table 6. Figs. 1, 2 and 3 present the petrographic analysis.
3.1. Petrographic analysis
(1) Cennini’s Intonaco (Fig. 1-1): sub-round to sub-angular
quartz grains (Qz), with very homogeneous size, normally
inferior to 0.4 mm are observed. Some carbonated grains
(CaCO3) are also visible; the matrix constituted by lime (L)
is small in quantity and presents voids (V) with elongated
shape (<0.1 mm) or with circular shape (<0.5 mm).(2) Rondelet’s Stucco III (Figs. 1 and2): presents a veryﬁne texture,
where areas with lime (L) predominance are distinguished
from areas with marble (M) dust predominance; some car-
bonated fragments (CaCO3) of larger sizes with some round
pores which can reach 0.5 mm in diameter are observed. Fur-
thermore, a crack (F) which seems to correspond to material
shrinkage is noted, while areas with predominance of lime
and otherswithmarble dust in greater quantity are observed,
indicating that these two materials are not entirely mixed.
(3) Leitão’s Escaiola (Figs. 1–3): quartz (Qz) sub-round and sub-
angular fragments are visible, with maximum dimension
about 0.5 mm, distributed in a matrix constituted by a lime
and marble dust (L + M) mixture; the darkest matrix color
must be due to cadmium; circular voids are frequent (V)
with dimension of 0.1 mm and cracks (F) are very frequent;
the irregular cracks have maximum length of 1 mm and
maximum width of 0.05 mm.
(4) Stucco II/Proposal (Figs. 2–4): in a ﬁne matrix constituted by
lime, marble dust and limestone ﬁnes (M + L + M), can be
distinguish. Some volcanic fragments (Vf) of small size;
limestone fragments (L) are also frequent with maximum
dimension of about 0.5 mm. Some calcite aggregates
(CaCO3), which can correspond to marble fragments, and
some oxide spots, which correspond to fragments of volcanic
material, are visible. Circular voids (V) less than 0.4 mm are
frequent.
Table 6
Experimental results at 90 days (160 mm  40 mm  40 mm prismatic specimens).
Mortar water/binder ratio Bulk density
(kg/m3)
Volume
variations (%)
Dynamic E-
modulus (MPa)
Flexural strength
(N/mm2)
Compres.
strength (N/mm2)
Coefﬁcient of water absorb.
(kg/m2 min0.5) 10–90 min
Cennini’s Intonaco W/B = 0.82 1651.5 Shrinkage 97.4 3538.4 0.46 1.18 1.41
Rondelet’s Stucco III W/B = 1.03 1280.6 Shrinkage 66.9 7910.8 0.15 2.15 3.13
Leitão’s Escaiola W/B = 1.28 1663.3 Shrinkage 87.1 4484.5 0.73 1.77 1.97
Stucco II (Proposal) W/B = 1.28 1537.7 Shrinkage 91 3361.1 0.87 2.2 2.42
Leitão’s Stucco I (Float. Coat) W/B = 0.80 1548.6 Shrinkage 95.2 3162.7 0.93 2.1 2.43
Leitão’s Setting Coat W/B = 0.81 780.5 Expansion 101.7 1537.0 1.47 2.54 8.18
Leitão’s Scagliola W/B = 0.74 754.2 Expansion 109.5 1705.7 1.90 1.3 2.93
Note: the unﬁlled line indicates the separation between lime-based and gypsum-based mortars.
Fig. 1. Microphotographs of formulated stuccoes: (1) Cennini’s Intonaco; (2) Rondelet’s Stucco III; (3) Leitão’s Escaiola.
Fig. 2. Microphotograph of formulated eco-stucco: (4) Stucco II/Proposal.
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aspect to the preceding mortar (Stucco II/Proposal), except
that it presents more volcanic fragments and oxide particles.
(6) Leitão’s Setting Coat (Figs. 3–6): is a homogeneous material
constituted by a lime and gypsum agglomerate (L + G),
where some carbonated nodules are detached with dimen-
sions normally inferior to 0.2 mm. The remarkable aspect
is the presence of many voids (V), lightly elongated and withFig. 3. Microphotographs of plasters: (5) Leitão’s Stucco I (Floirregular contours, with a common dimension of about
0.1 mm. The round voids are less frequent and can reach lar-
ger sizes (0.3 mm).
(7) Leitão’s Scagliola (Figs. 3–7): is a homogeneous mixture,
where high porosity stands out with some pores of large
sizes (0.6 mm), while the majority are of small size
(0.1 mm). All the black spots in the photo correspond to
voids, which in spite of being hard to distinguish, exist in
signiﬁcant quantity. There are some concentrations of car-
bonated material (CaCO3) of a larger size (0.2 mm), but the
majority are smaller in dimension; the gypsum (G) and the
carbonates of small dimensions constitute the matrix; the
glue (Rg), of dark green color, is distributed through the
matrix with concentrations in some areas.
3.2. Shrinkage and bulk density
Shrinkage and expansion were measured in the three axial
dimensions and volumes of 90-day prisms. The average values of
six specimens for each mortar are shown in Table 6 and Fig. 4.
Cennini’s Intonacowith sand has the lowest shrinkage due to the
lowest water to binder ratio (W/B ratio). Shrinkage is especially ob-
served in mortars with marble dust due to a higher water/binderating Coat); (6) Leitão’s Setting Coat; (7) Leitão’s Scagliola.
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marble dust results in a mortar with high porosity, deformability
and shrinkage as observed in Escaiola, and Stucco II. The Stucco II,
which substitutes the100% of ﬁne sand in Escaiola by the limestone
ﬁller, has a lower shrinkage value, in spite of both mortars having
the same water to binder ratio. The substitution of sand by a lime-
stone ﬁller, with the presence of 12.4% of SiO2 + Al2O3 + Fe2O3 +
MgO and 85% of CaCO3 and small quantities of TiO2,with
hydraulic properties, promoted the residual hydration water loss
and restricted hydration. Hydraulic elements, which do not react
with lime, act as an inert ﬁller, reducing shrinkage. In fact,
although the bulk density of fresh Stucco II is higher than the fresh
Escaiola, hardened Stucco II is lighter than Escaiola, which is due to
water loss and, hence, lower shrinkage.
The very small pores (below 2 lm in diameter) in the matrix,
resulting from the evaporation of any excess water not consumed
during the hydration process, contribute to a slower carbonation of
lime, leading to a decrease in weight of the binder. In Escaiola, the
presence of sand allows for a greater volume of pores whose larger
diameter promotes access to CO2 [34] and drying shrinkage of the
lime. In the Floating Coat, the coarse gypsum decreased shrinkage.
Expansion is observed in mortars with gypsum (Leitão’s Setting
Coat and Scagliola). In the Setting Coat, the drying shrinkage which
characterizes lime is compensated for by the expansion of the gyp-
sum during the hardening process [35]. In Scagliola, the addition of
the ultramarine blue pigment reduced the expansion of the gyp-
sum-glue water-based mortar, in part due to the decrease in water
absorption [4].
Regarding bulk density, the higher values are of mortars with
standard sand (Cennini’s Intonaco and Leitão’s Escaiola) in
comparison with mortars with marble or limestone ﬁllers (Stucco0
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Fig. 5. Flexural and compressive strength results according to dynamic modulus of
elasticity of stuccoes and plasters, at 90 days.II, Rondelet’s Stucco III, Floating Coat). As presented in Table 4, where
the the sand of Cennini’s Intonaco in the Stucco II is substituted
100% by marble dust and limestone dust, the Stucco II has a lower
bulk density. When comparing Escaiola with Stucco II with the
same water content, the unit weight of the later decreases. The rea-
son is an increase in air content, related to the substitution of sand
by limestone ﬁller. In spite of the substitution of 50% of sand of
Cennini’s Intonaco by marble sawdust in Escaiola, the bulk density
is higher in the later due to its higher water content for lubricating
ﬁller particles [25]. In the Escaiola and Stucco II, the adsorption of
cadmium onto silica of the sand and stone dust, must have contrib-
uted to increasing the bulk density of the hardened mortars [36].
Scagliola and Setting Coat with gypsum show the lowest weight
values. This property has an important role in the behavior of plas-
tered lathwork ceilings before cracking of the inner layer because
mortars which constitute the last layer cannot impose a heavy load
[25].3.3. Dynamic E-modulus, ﬂexural and compressive strength
To decrease the probability of cracking in plaster layers, their
dynamic modulus of elasticity and the shrinkage deformations
must be decreased [33]. Many plasters and stuccoes are suspended
in wooden lathwork ceilings and present different types of cracks.
The thickness and E-modulus of each plaster or stucco layer play
an important role in the behavior of the ceiling before cracking0
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Fig. 7. Drying curves of the three studied plasters (at constant external conditions
of temperature, relative humidity and air velocity). Drying curves show that drying
rate is similar to Floating Coat and Setting Coat; Scagliola has a larger drying rate
curve, because hardly dries.
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the external and lower layer [31].
Mortars which use gypsum have a low dynamic E-modulus
(Floating Coat - E = 3163 MPa, Setting Coat – E = 1537 MPa, and Sca-
gliola – E = 1706 MPa). In the aerial lime/gypsum mixture of the
Floating Coat gypsum accelerates the mortar setting, and in the Set-
ting Coat and Scagliola gypsum makes the mortar stiffer, reducing
the tensile stresses and preventing the decorative surface layer
from cracking. Thus, the gypsum mortars are suitable for wooden
plaster frameworks such as ceilings or partition walls. Rondelet’s
Stucco III used in renders, cornices and ornamentations has the
maximum Edyn value (E = 7911 MPa) due to a higher proportion
of lime putty, while showing the lowest ﬂexural strength (see
Fig. 5).
The microstructure of Rondelet’s Stucco III, with marble dust as a
ﬁller material, indicates that a good bond between the aggregate
and the lime putty has occurred, thus developing good cohesive-
ness to mortar with a high compressive strength. This cohesiveness
conferred by the marble powder is a consequence of its high spe-
ciﬁc surface area [25,26]. Limestone dust and marble powder in-
crease compressive strength due to void ﬁlling. The ﬁneness of
the marble dust is higher than the limestone dust, thereby confer-
ring good cohesiveness to Escaiola and Stucco II. It is noted that
Escaiola, with a 50% substitution of Cennini’s Intonaco sand with
marble powder, produces a mortar with a better mechanical per-
formance. Comparing Escaiola with Stucco II, the latter presents
higher mechanical properties due to the substitution of 100% of
Escaiola sand by limestone dust. The compressive strengths ob-
tained for Floating Coat and Stucco II are similar, due to a similar
binder/aggregate volume ratio. However, Floating Coat, with lime-
stone ﬁnes and a lower water/binder ratio, has a higher ﬂexural
strength than Stucco IIwith a limestone ﬁller, while their compres-
sive strengths are almost the same.
Mortars with gypsum have higher ﬂexural strengths than the
previous ones. The mortars with the highest values of compressive
strength are lime putty-gypsum and then lime putty-stone dust. In
the Floating Coat and the Setting Coat the gypsummixed in the lime
putty increases the speed of hardening and assures a higher adher-
ence of the mortar, compensating for the lower adherence of lime.
The gypsum-based mortars are much harder and compact than the
lime-based mortars [37].
The Setting Coat shows a higher mechanical strength than the
Floating Coat, due to the addition of middle sized aggregates such
as limestone ﬁnes used in the Floating Coat, which increase the
empty pores, promoting a rapid carbonation of the mortar [37]
and retarding the complete carbonation in depth, to reach higher
mechanical resistance. The lowest compressive strengths are ob-
served in Scagliola gypsum and glue water, and in Cennini’s Render
with lime and sand (Fig. 5).
The Scagliola is a plastic material, ideal for making decorative
elements. In this gypsum/glue water mortar, the addition of animal
glue increases the ﬂexural strength of the mortar and works as a
hardening retarder, acting as a precipitation inhibitor [37] to allow
time for the decorative elements to be done and to obtain a better
quality mortar.
At 90 days curing time the mechanical strength of the lime-
based mortars are lower than that of gypsum-based mortars due
to the carbonation process which can continue for many years, fur-
ther increasing their strength. Lawrence et al., explain how the car-
bonation of air lime mortars affects the pore structure of the
mortars, producing pores of 0.1 lm in diameter associated with
their carbonation front, and smaller pores not involved in the car-
bonation process make the core of the mortars carbonate slower,
varying with the type of aggregates mixed in the lime mortars [34].
Rondelet’s Stucco III in comparison with Escaiola presents a high-
er compressive strength, and this can be mainly attributed to thehigher lime content in the mortar. In the Escaiola and Stucco II
the adsorption of cadmium onto the silica of the sand, marble dust
and limestone dust apparently contribute to increasing the tensile
strength of the two mortars [36].
In Scagliola, the ultramarine blue pigment has a high capacity of
CaSO42H2O ﬁxation and improves the compressive strength of the
gypsum-based plaster with glue water. The glue water decreases
the compressive strength but increases the ﬂexural strength. Both
the glue water and the ultramarine blue are setting retarders. The
ultramarine blue, due to its sulﬁde nature and its high speciﬁc sur-
face area, makes the mixture demand more water, causing it to
have a long setting time in comparison with Leitão’s Setting Coat
[4,30].
3.4. Water absorption due to capillary suction
According to D’Orazio and Stazi, in the three-layer system of the
historical plasters and stuccoes, the 1st layer has a greater capillary
suction capacity to drain water to the outside layers. The 2nd layer
has a lower suction capacity than the ﬁrst one, thus increasing the
water content of the 1st layer. Being resistant to the ﬂux of water
to the outside, when the 2nd layer, which is considerably thicker,
has accumulated the maximum water content, the 3rd layer then
transports water to the outside, due to its greater suction capacity
and better water accumulation capacity than the 2nd layer [15].
In this study, the highest coefﬁcients of water absorption are
found in mortars with gypsum and marble powder (Fig. 6). Compo-
sitions like Floating Coat, containing ﬁnes such as limestone and
marble powder in a greater proportion than lime putty, have a low-
er rate of water absorption than Setting Coat and Rondelet’s Stucco
III, because the ﬁnes block capillary pores. So Floating Coat and
Stucco II are suitable for the 2nd layer of the plaster or stucco cov-
ering system, and Setting Coat and Rondelet’s Stucco III for the 3rd
and last layer.
The great proportion of lime added to Rondelet’s Stucco III gives
rise to calcium carbonate, which increases resistance to humidity
and delays setting, offering more time to do the decorative motives
in relief [6]. The lowest coefﬁcient of water absorption values are
observed for Scagliola with glue and for mortars with sand, Cennin-
i’s Intonaco and Escaiola. In interior plasters the animal glue of Sca-
gliola improves the impermeability of the surface by reducing the
number and size of pores in the mortar [36], thereby protecting
it from moisture. In Scagliola, the densiﬁcation of the mortar, due
to the ﬁller effect of the ultramarine blue and rabbit glue, reduces
capillarity absorption [4,32]. In fact, the ultramarine blue not only
decreases the coefﬁcient of water absorption, but also the rate of
the water ﬂow inside the gypsum mortar. This pigment decreases
both the porosity and the pore interconnectivity in the Scagliola [4].
Cennini’s Intonaco presents a good proﬁle for the 2nd layer
where the composition is outlined and then is covered by the
Intonachino layer or Whitewash base. Escaiola presents positive
characteristics to be applied as a decorative 3rd layer, appropri-
ately protected against environmental agents like atmospheric
water vapors. In the Escaiola and Stucco II the adsorption of cad-
mium onto silica of the sand, marble dust and limestone dust must
contribute to decreasing the coefﬁcient of water absorption; the
selenite which is in the dark yellow cadmium is characterized by
low porosity, and the addition of lime improved both the tough-
ness and the low porosity of the mortars [36,38].
The low rate of water exchange between the different layers of
the plasters and stuccoes facilitate the diffusion of water through-
out the thickest layer of mortar, providing a decompression system
[15]. The resistance to the diffusion of water of the Floating Coat
and Stucco II is due to the use of limestone dust and marble dust,
increasing the air content [25]. The drying test of gypsum-based
mortars and of the formulated eco-mortar demonstrated that the
Table 7
Performance of the mortars, referred in technical literature (15th century to 19th century), historical and current: observed tendencies.
Measurement (unities) Gypsum-based mortarsa Gypsum-based mortarsb Lime-based mortarsc Lime-based mortarsd Lime-based mortarse
Min. Max. Aver. Min. Max. Aver. Min. Max. Aver. Min. Max. Aver. Min. Max. Aver.
BD (kg/m3) 754 1549 1152 600 1500 1050 1281 1663 1472 1300 – 61300 1394 1995 1695
Edyn (MPa) 1537 3163 2350 – – – 3538 7911 5725 2000f 5000f 610,000 874 7055 3965
3500f
CS (N/mm2) 1.3 2.5 2 2 6 4 1.2 2.2 1.7 0.4 5 2.7 3 3.5 3.3
0.6f 3f 1.8f
2.5f 1.6f
FS (N/mm2) 0.9 1.9 1.4 1 2 1.5 0.2 0.7 0.5 0.4 0.8 0.6 1 2 1.5
0.2f 0.7f 0.5f
CWA (kg/m2 min0.5)10–90 min 2.4 8.2 5.3 0.7 1.9 1.3 1.4 3.1 2.3 0.2 0.4 0.3 0.1 0.9 0.5
1.5f 1f 1.3f
P (%) 22.6 71.7 47.2 – – – 17.1 33.7 25.4 – – – 9.2 47.2 23
17.3 32.4
BD – bulk density; Edyn – dynamic E-Modulus; CS – compressive strength; FS – ﬂexural strength; CWA – coefﬁcient of water absorption; P – porosity.
a Gypsum-based mortars referred in technical literature of Leitão (1896): at 90 days prismatic specimens (160 mm  40 mm  40 mm).
b Current gypsum according to EN13279-1:2008.
c Lime-based mortars referred in technical literature from early 15th century, in Cennini, to 19th century, in Rondelet (1802) and Leitão (1896): at 90 days prismatic
specimens (160 mm  40 mm  40 mm).
d Current lime-based mortars as EN 998-1.
e Historical mortars referred by L’ANAH [40], Demelenne et al. (2010) [41], Veiga et al. [42].
f Renovation rendering and repointing, in Veiga [39].
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ness of limestone dust, and in Scagliola due to animal glue (Fig. 7).
3.5. Overall analyses
Table 7 compares the performance tendencies observed in the
mortars prepared according to the technical literature from 15th
century to 19th century, and in historical and current mortars
[39–42]. This Table shows how the older recipes show a higher
porosity and a lower strength. Table 7 and Fig. 8 show that the low-
est strength and highest porosity seem to be correlated in the stud-
ied mortars.4. Conclusions
Traditional and regional practices are sources of knowledge and
skills which can be reactivated in contemporary building construc-
tion and in historical building restoration and repair. Hence, is con-
tributing to diversifying and optimizing the design of renders and
plasters of lime-or-gypsum-based mortars. In comparison with
present day industrial mortars, the ancient mortars reproduced
in this research, seem to be heavier, with a lower mechanical
strength, as well as a lower resistance to water. However, their lon-
gevity and durability indicate the need for determining their chem-
ical, mechanical and hygroscopic proﬁle.Limestone dust and marble powder are industrial wastes which
can successfully (in terms of performance) be utilized as ﬁllers in
lime-based mortars.
In this study the lime-based compositions with marble dust or
limestone ﬁnes, similar to those described in ancient treatises like
Leitão’s Escaiola and Stucco II, for application in interior decorative
stuccoes, and Rondelet’s Stucco III and Leitão’s Floating Coat for inte-
rior and decorative stuccoes and plasters, give compressive
strength and water absorption results within the speciﬁcation
parameters [31,32]. Replacement of river sand by industrial waste,
lime stone ﬁnes, in Stucco II 100%, improved the compressive
strength as indicated in the Leitão’s Escaiola control mortar. Cad-
mium is chemically stable and highly insoluble hence can be intro-
duced as pigment in the Escaiola and Stucco II. Ultramarine blue has
a high capacity of gypsum ﬁxation, is highly sulfate-resistant and
reduced the expansion of the specimens at 90 days of exposure
to sulfate sodium, improving the durability and compressive
strength of the gypsum-based plaster with glue water, Scagliola.
Both the glue water and the ultramarine blue reduced capillarity
absorption of Scagliola. The glue water decreases the compressive
strength but increases the ﬂexural strength.
It was found that gypsum-based mortars (Leitão’s Floating Coat,
Setting Coat and Scagliola) have better performance in interior plas-
ters, which is further promoted by the high dissolution of gypsum
and the plaster’s high capillary absorption (Leitão’s Setting Coat).
Gypsum makes the mortar stiffer, thereby reducing the tensile
stresses that prevent the decorative last layer from cracking, which
is a positive characteristic, especially for covering ﬂexible supports.
So, the gypsum mortars are suitable for wooden plaster frame-
works, like ceilings or partition walls. Floating Coat and Stucco II,
having a lower rate of water absorption than Setting Coat and Ron-
delet’s Stucco III, are suitable for the 2nd layer of the plaster or stuc-
co covering system, and Setting Coat and Rondelet’s Stucco III are
suitable for the 3rd and ﬁnishing layer. Nevertheless, Stucco II
can be applied in the outermost layer if the precedent layer is a
non-hydraulic lime putty binding system mixed with calcareous
sand, for example.
The mortars based on lime putty with sand (Cennini’s Intonaco,
Leitão’s Escaiola), due to their low coefﬁcient of water absorption
and shrinkage, present good resistance to humidity and so are
appropriate for surfaces which demand greater durability. How-
ever, Cennini’s Intonaco has a low mechanical strength, and needs
E. Salavessa et al. / Construction and Building Materials 48 (2013) 858–867 867to be covered by a layer with better mechanical performance, pre-
pared with slaked lime and marble cream and dust (Intonachino).
The lime-based composition, with marble dust or limestone ﬁl-
ler or ﬁnes, gives the best mechanical results. The 100% substitu-
tion of sand by limestone ﬁnes (Stucco II) increases its
compressive strength by 19.5% and the ﬂexural strength by
16.1%, while decreasing the resistance to humidity by 18.6%. Ren-
ders and plasters with marble dust (Rondelet’s Stucco III, Leitão´s
Escaiola) have a better aesthetic effect, moderate values of capillary
absorption and a high water resistance, properties that are impor-
tant for their strength and durability. Rondelet’s Stucco III, Leitão’s
Escaiola, Stucco II, Setting Coat and Scagliola have higher values for
compressive or ﬂexural strength, a necessary property of the stuc-
co or plaster for the ﬁnishing layer in comparison with the prece-
dent layers.
Stuccoes and plasters reproduced based on ancient treatises are
mainly suited for renovation plasters/rendering systems and pres-
ervation of historical buildings due to their porosity for vapor per-
meability and their signiﬁcantly reduced capillary conductivity.
The present research can contribute to development in design,
optimization, and manufacturing of a new generation of building
materials.
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